Objective: Epithelioid hemangioendothelioma is a rare member of vascular tumors of intermediate malignancy. Recently, presence of t(1;3) translocation and WWTR1/CAMTA1 gene fusion, which enhances CAMTA1 expression, are found to be specific to this tumor. We investigated the CAMTA1 immune expression profile of epithelioid hemangioendothelioma and its potential mimickers using a commercially available CAMTA1 antibody.
INtRoDuCtIoN
Epithelioid hemangioendothelioma (EHE) is a rare vascular neoplasm described by Weiss and Enzinger in 1982. It affects patients in all ages with slight predominance in females and develops as a painful mass in soft tissue and visceral organs. The tumor typically evolves from the endothelia of a vein and consists of cords of epithelioid endothelial cells with characteristic cytoplasmic vacuoles settled in myxohyaline stroma (1) . It was previously regarded as low-grade or "borderline" neoplasm with the ability to metastasize and recur locally, although the occurrence of multicentric presentation and malicious course of visceral (lung or liver) involvement argue against low malignant potential. Therefore, it is reclassified within malignant vascular tumors in 2013 WHO Classification of Bone and Soft Tissue Tumors (2) . EHE is still challenging to diagnose, despite the advance of immunohistochemistry, such as CD34, CD31 and Fli1. The diagnosis is usually based solely on the identification of characteristic histological features in order to differentiate it from its potential mimickers, such as epithelial tumors and soft tissue tumors showing epithelial morphology, especially at visceral locations (2).
A novel reciprocal t(1;3)(p36;q23-25) rearrangement was described as a non-random aberration in some case reports of EHE (3, 4) . Consequently, Tanas et al. (5) and Errani et al. (6) separately identified the partners of this disease defining gene fusion: WWTR1 (WW domain-containing transcription regulator 1) and CAMTA1 (calmodulinbinding transcription activator 1). WWTR1 is known to interact with DNA binding transcription factors, including those of the Runx family (bone development) in mice and thyroid transcription factor 1 (development of lung) in humans, and to be overexpressed in human breast cancer and papillary thyroid carcinoma. CAMTA1 encodes a transcription factor in all multicellular organisms, conserved in Arabidopsis to humans and is known to be highly encountered in the memory related regions of the human brain. CAMTA1 is almost exclusively expressed within brain, whereas WWTR1 is strongly expressed in endothelium rich organs, such as kidney, lung, liver, and heart (5, 7, 8) . WWTR1-CAMTA1 fusion gene product is believed to increase the expression of CAMTA1 in EHE (5) . Presence of either WWTR1 or CAMTA1 gene rearrangements is found to be highly sensitive and specific for the diagnosis of EHE (5, 6).
As molecular diagnostic methods, such as reverse transcriptase polymerase chain reaction and fluorescent in situ hybridization (FISH) to detect the EHE-specific WWTR1-CAMTA1 translocation are not yet available in all laboratories, we investigated the CAMTA1 immune expression profile of EHE and its morphological mimickers, using a commercially available CAMTA1 antibody immunohistochemically and its potential diagnostic use in routine pathology.
mAteRIAl and methoDs
We collected 12 EHEs and 58 other types of tumors resembling EHE (10 angiosarcomas, 9 epithelioid sarcomas, 8 malignant melanomas, 8 signet ring carcinomas, 7 lobular carcinomas of breast, 2 epithelioid mesotheliomas, 2 rhabdoid tumors and 12 miscellaneous hemangiomas) from the archive. Hemangiomas included 4 capillary hemangiomas, 4 pyogenic granulomas, 2 spindle cell hemangiomas, hobnail hemangioma and epithelioid hemangioma one for (of) each. Three of the angiosarcomas were well differentiated with complex vascular network lined by atypical neoplastic endothelial cells, while the rest were high grade angiosarcomas with epithelioid areas.
Standard whole 4 micron thick sections of total 70 formalinfixed, paraffin embedded tumors were immunostained for anti-CAMTA1 (ab64119, polyclonal, 1:200; Abcam) after pretreatment with citrate pH 6.0 for 20 minutes at 97 C using Leica Bond detection kit with DAB chromogen. Human hippocampus was used as positive control and only nuclear staining was regarded as positive. The cases showing moderate to strong nuclear CAMTA1 expression were scored for extent of staining as 'negative or 1+' (0-25% of cells positive), '2+' (25-50% of cells positive) and '3+' (>50% of cells positive). All cases showing weak staining were grouped as 'negative or 1+' .
Results
Results are summarized in the Table I . Overall, either 2+ or 3+ strong/moderate nuclear staining were seen in 60 out of 70 cases (86%). Among vascular tumors, 10 cases (83%) of EHEs showed 2-3+ strong CAMTA1 expression ( Figures 1A,B, 2A-D) . However, CAMTA1 expression was also observed in all cases of angiosarcomas ( Figure 3A,B) and hemangiomas, including 4 pyogenic granulomas ( Figure 4A,B) , 4 capillary hemangiomas, 2 spindle cell hemangiomas, 1 epithelioid hemangioma and 1 hobnail hemangioma. A considerable number of non-vascular neoplasms likely to mimic EHE also demonstrated strong and diffuse CAMTA1 expression: 100% of epithelioid mesotheliomas, 89% of epithelioid sarcomas ( Figure 5A,B) , 89% of malignant melanomas ( Figure 6C and 6F) , 71% of lobular carcinomas of breast ( Figure 6A and 6D) , and 63% of signet ring carcinomas ( Figure 6B and 6E) , and 50% of extrarenal rhabdoid tumors were CAMTA1 positive.
Among non-neoplastic tissues, besides neurons, CAMTA1 expression was also observed in squamous epithelium, skin adnexa, breast lobules, prostate glands, bile ducts, colonic mucosa and gastric pits. Hepatocytes, chorionic trophoblasts, lung, thyroid, smooth and striated muscle fibers and fibroblasts were negative.
DIsCussIoN
EHE was recently shown to bear a unique rearrangement involving CAMTA1 on 1p36.23 and WWTR1 on 3q25.1 and it is reported to be restricted to EHE among other vascular neoplasms (5) . This fusion in EHE is considered to lead to an aberrant increase in CAMTA1 expression via through a so-called promoter-switch mechanism, driven by the WWTR1 promoter, which is strongly active in endothelial cells (5). Tanas et al. developed a break-apart FISH assay diagnositic for EHE; however, expression of CAMTA1 protein in EHE and neoplasms resembling EHE other than vascular tumors were not investigated (5). This report investigates the immunoexpression profile of CAMTA1 in EHE and its potential mimickers using a commercially available CAMTA1 antibody by routine immunohistochemistry. CAMTA1 expression was seen in 83% of EHE, which is concordant with the results of Tanas et al. (5) Interestingly, CAMTA1 was also determined in majority of tumors within CAMTA1 immunostaining is not able to replace FISH for CAMTA1 rearrangement as a diagnostic tool for the differential diagnosis of EHE. However, the question for the presence of CAMTA1 rearrangements by FISH in tumors other than vascular neoplasms still remains to be answered.
Besides various neoplasia, we have also demonstrated abundant expression of CAMTA1 protein in various tissues, including gastrointestinal mucosa, squamous and the differential diagnosis, such as some carcinomas (lobular carcinoma of breast and signet ring carcinomas), sarcomas with epithelioid characteristics (epithelioid sarcomas and rhabdoid tumors), mesothelioma and melanomas, some of which stained even more than EHE. These results are concordant with the report by Rubin and Tanas stating that neither commercial nor home-made CAMTA1 antibody were unable to diagnose EHE specifically (9) . Therefore, 
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cross-reaction with other proteins, resulting in non-specific staining. Secondly, very small amounts of CAMTA1 mRNA may be adequate for abundant CAMTA1 protein synthesis. Lastly, as CAMTA1 is proposed to behave like a tumor suppressor gene in normal conditions (11) (on the contrary, function as oncogene in EHE), presence within normal glandular epithelium. In previous studies, it has been shown that CAMTA1 gene expression is restricted in neurons especially of memory region (10) . This concordance may be explained in several ways. First of all, we used a polyclonal synthetic peptide for the residues 1650 to the C-terminus of Human CAMTA1, and this polyclonal antibody may show tissues is not surprising. Therefore, it may be suggested that CAMTA1 positivity in EHE represents its oncogenic properties, in contrast to other type of tumors and normal tissues, in which CAMTA1 exerts its tumor suppressor function.
In conclusion, expression of CAMTA1 protein was observed not only in EHE and some vascular and nonvascular neoplasia in the differential diagnosis, but also various types of normal tissues other than brain. We have shown that CAMTA1 immunostaining is not useful in differentiating EHE from its potential mimickers.
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